This paper reviews child and adolescent adiposity measures and associated long-term health risks. The ®rst section argues that anthropometric measures are practical for large scale epidemiological studies, particularly the body mass index. Limitations of this and other measures are presented. The second section summarises the evidence on the relationship between child and adolescent and adult adiposity. This is based on a search for relevant literature in the following computerised databases: Medline (1985±96), BIDS (EMBASE and Science Citation Index 1985±96). The literature search revealed that the child to adult adiposity relationship is now well-documented, although methodological differences hinder comparisons. Nonetheless, consistently elevated risks of adult obesity are evident for fatter children, although the prediction of adult obesity from child and adolescent adiposity measures is only moderate. Fewer studies could be identi®ed in relation to long-term health risks of child and adolescent adiposity. It is therefore dif®cult to specify categories of risk associated with childhood adiposity without more information from long-term studies. Further evidence is also required to con®rm the suggestion from some studies that adult disease risks are associated with a change in adiposity from normal weight in childhood to obesity in adulthood. However, on the basis of the evidence available, it is argued that population-based approaches to the prevention of obesity are likely to be more effective than approaches targeted at fat children. Population-based approaches are desirable, ®rst because of the poor prediction of adult obesity from child and adolescent measures, and second, because risks of adult mortality and morbidity may be elevated for individuals who become overweight after adolescence.
Introduction
Prevention of obesity is a public health priority, 1 with much of the concern focusing on childhood and adolescence. 2 Child and adolescent adiposity is of particular interest because of possible long-term associations with adult disease, but evidence on long-term relationships is fragmentary and an overview is needed that clari®es how they might occur.
There are three main sections to this review. The ®rst provides a summary of the basic methods used to assess child and adolescent adiposity. This key issue is included here because it is essential that appropriate measures are used, for example, to investigate trends over time and over the life course. The second section summarises the evidence on the relationship between child and adolescent and adult adiposity. This relationship is studied because of the concern that child and adolescent adiposity in¯uences adult disease primarily through its association with adiposity in adult life. Evidence is now available from several prospective and retrospective samples following subjects from childhood to adulthood. The speci®c questions of interest in this section are: (i) do fat children stay fat? (ii) were obese adults fat as children? (iii) what is the strength, overall, of the child to adult adiposity relationship? and (iv) does adiposity increase at a particular age in childhood and adolescence?
Finally, in a third section, we review the evidence on long-term health outcomes for child and adolescent adiposity. Whereas relationships for adult obesity are well documented 3 less evidence is available for earlier life stages. Investigations of long-term relationships with child and adolescent adiposity may be valuable in disentangling causes and consequences of obesity. Furthermore, studies of weight change between childhood and adolescence and adulthood may indicate where adult disease is primarily related to the acquisition of obesity. In order to discuss obesity and fatness, we need to consider the spectrum of thin to fat during childhood and adolescence. The term`adiposity' is used here to represent that spectrum.
Measurement of child and adolescent adiposity

De®nition of adiposity
Two requirements: a measure and a cut-off. Adiposity is a measure of the amount of fat in the body, this can be expressed either as the absolute fat mass (kg) or alternatively as the fraction of total body mass (%), here the preferred usage is absolute fat mass. Obesity is an excess of body fat. To be of practical use, adiposity requires a suitable measure of body fat, and obesity a suitable cut-off. In adults, obesity is a well-established risk factor for chronic diseases such as heart disease, hypertension, stroke or diabetes. Adult obesity is usually assessed using the body mass index (weight/ height 2 , also known as Quetelet's index), and obesity cut-offs based on mortality risk or other criteria are de®ned in body mass index units of kg/m 2 .
The distribution or patterning of body fat in adults is also a risk factor for later disease, independent of the level of obesity. 4 Adults with central, trunk or android fat patterning, who are at greater risk, 5 deposit fat preferentially around the waist, while with gynoid patterning fat is found more towards the extremes of the body. Body fat distribution is assessed anthropometrically by comparing trunk and extremity fat, measured either by skinfold thicknesses, body circumferences or diameters. The most commonly used ratios are waist circumference, waist-hip ratio and subscapular-to-triceps skinfold.
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Differences between children and adults. Some obese adults were fat as children, so that child fatness may be a risk factor in its own right for later disease. However there is one important difference between childhood and adulthood in the assessment of fatness, that is children grow in size, so that anthropometric cut-offs for fatness need to be adjusted for age, and in adolescence for maturation as well. For this reason, the assessment of adiposity needs to be reconsidered for childhood and adolescence.
Measuring body fat
Criteria for a suitable measure. An ideal measure of body fat should be accurate in its estimate of body fat; precise, with small measurement error; accessible, in terms of simplicity, cost and ease of use; acceptable to the subject; and well-documented, with published reference values. No existing measure satis®es all these criteria. Highly accurate reference methods like deuterium dilution or underwater weighing are expensive, and more accessible cheaper methods based on anthropometry are not very accurate. For screening purposes anthropometry is the only realistic alternative, despite its poorer accuracy, on account of its low cost.
Acceptability to the subject is of paramount importance during adolescence, where concerns about body shape can materially bias the response rate. 9 Many subjects will be loathe to undress, especially those who believe themselves to be fat.
Weight-height indices
Weight. Weight is a simple and direct index of body size, easy to measure, cheap and reproducible. It is also reasonably highly correlated with body fat. 10 However its high correlation with height, which is only weakly correlated with body fat, 11 means that weight adjusted for height is far more useful as an index for assessing fatness. Note though that weightfor-height, however de®ned, does not measure fatness as such, only overweight. Individuals who are unusually muscular, for example athletes, may be overweight but not fat, and so screen false positive for fatness. Like weight, height is simple and cheap to measure. Unlike weight it needs trained observers and continuous quality control to ensure high precision, but this is less important in the context of measuring adiposity. Self-reported values of weight and height in adolescence tend to be biased in opposite directions, with weight underestimated and height exaggerated, and the weight error is larger in heavier subjects.
12,13
Relative weight. There are many de®nitions of weight-for-height, 14 of which one of the simplest is relative weight. It requires a table or chart of expected weight for the child's height and sex (and possibly age and maturation as well), and the child's weight is then expressed as a fraction or percentage of expected weight. If the expected weight is based on just height and sex, then the index is known as weightfor-height. Weight-for-height, because it takes no account of the child's age, is useful in parts of the world where dates of birth are not recorded, but it leads to a biased assessment in infancy and adolescence. 15 The World Health Organisation's international growth reference 16 includes a weight-for-height chart, which for technical reasons is truncated at the age of 10 y for girls and 11.5 y for boys. So for the assessment of adiposity during adolescence it is of no value. The need to adjust weight for both height and age is now widely accepted, and has led to the study of power indices like weight/height 2 and weight/ height 3 .
17,18
Weight/height n indices. (i) uncorrelated with height: In the strict statistical sense, relative weight is weight adjusted for height, and so is by de®nition uncorrelated with height. The same principle can be applied to indices like weight/height n , that is the power of height n can be chosen to make the index uncorrelated with height. To adjust for age the calculation is done in narrow age groups 18 or weight and height are adjusted for age ®rst. 17 In early childhood n is near 2, so the best index is weight/height 2 . 19, 20 The value of n increases during childhood and peaks during adolescence, reaching a value of three or so (namely weight/height 3 ), and then drops back to two in adulthood. 18, 21 For much of
Child and adolescent fatness C Power et al childhood weight/height 2 is uncorrelated with height, but during adolescence it is positively correlated with height.
(ii) highly correlated with body fat: Weight adjusted for height is a measure of under/overweight, not lean/fat. An alternative is to choose the index weight/height n explicitly for maximal correlation with body fat rather than zero correlation with height. The two criteria lead to the same index only if, after adjusting for age, height and body fat are uncorrelated. In practice body fat, like weight/height 2 , is weakly positively associated with height in adolescence, 11, 22 and the two correlations tend to cancel out. Weight/height 2 is better than weight/height 3 for assessing body fat during adolescence.
The interdependence between weight, height, body mass index and body fat is often insuf®ciently well understood. For example the body mass index is sometimes criticised because of its association with height, 22 ,23 yet this is only a¯aw if the index is required to be uncorrelated with height. From a broader perspective the association is actually an advantage, as it¯ags the greater fatness of tall children during adolescence. Equally it is important to realise that the body mass index cannot be used by itself to demonstrate an association between adiposity and height in adolescence. The only way to con®rm this is to measure body fat by skinfolds or another more direct method.
The natural history of body mass index is a steep rise during infancy with a peak at nine months of age, followed by a fall until age 6 y and then a second rise which lasts until adulthood ( Figure 1 ). Charts of body mass index for British, French and North American children have been published. 18 ,24±26 Rolland-Cachera et al 27 called the second rise the adiposity rebound, and showed that the age when it occurred in individual children was predictive of their body mass index as young adults. 28 However Gasser et al 29 have pointed out that the strength of the correlation may be too small to be of practical bene®t. It is possible that combining the age of adiposity rebound with the value of the body mass index at that age may be more predictive than either factor alone. This requires further work.
Skinfold thicknesses. Skinfold thickness measures subcutaneous fat at various sites of the body, most commonly the triceps and subscapular. Skinfold thickness is cheap and fairly simple to measure, but the need to partially undress may put some subjects off, leading to bias. It is dif®cult to measure reproducibly, either for a single observer on the same subject, particularly if the subject is fat, or for different observers. For this reason strict quality control is necessary, which increases the cost.
Skinfold thickness correlates well with total body fat, but the size of the correlation depends on the site and the sex. 7 Total body fat can be predicted from skinfolds at several sites, both in childhood and adolescence. 7 The British charts of triceps and subscapular skinfolds are now rather old.
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Body fat distribution is known to relate to future health in adults, but not yet in children, so that it needs to be treated with caution. Body fat distribution is assessed by ratios of skinfold thicknesses at trunk and extremity sites, 7 but currently there are no growth charts for skinfold ratios. The large measurement error of skinfold thickness is compounded in skinfold ratios, which weakens their association with any outcome measure.
Circumferences and diameters. Body circumferences have been measured in children for many years, notably the head and mid-upper arm, but the emphasis on their link with body fat distribution has arisen only recently. 31 In adults the most commonly used circumferences for body fat distribution have been the waist, hip and thigh, and the same sites are now starting to be measured in children. 7 They are simple and cheap to measure, and with suitable training are adequately reproducible.
These circumferences are used mainly to calculate indices like the waist-hip or waist-thigh ratio, representing body fat distribution. However the signi®-cance of such measurements is by no means clear in childhood, and they may not relate to adiposity at all. In addition there are no growth charts for them. Circumferences have smaller measurement errors than skinfolds, and the same holds for circumference ratios compared to skinfold ratios.
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Mid-upper arm circumference is widely used to monitor underweight in pre-school children, either alone or adjusted for height. 33 It may also be a useful proxy for fatness during later childhood, although its value could lie in measuring changes in muscle as much as fat. In adults waist circumference is starting to be used either on its own, or divided by height, rather than as the waist-hip ratio. 8, 34 This is likely to be relevant to childhood as well, if only because height and all circumferences (not just waist) are strongly age dependent. Working with circumference ratios can mask the fact that either circumference on its own, or their average, is more predictive than the ratio. For this reason circumferences should always be analysed as separate entities to start with, and should only be combined as ratios subsequently.
Diameters are sometimes used instead of circumferences when somatotype photographs are available, 9 or when measurement with an anthropometer is felt to be more convenient than with a tape. In terms of acceptability, photographs are likely to be less acceptable than anthropometer or tape.
A cautionary tale. Flegal 35 tells a cautionary tale about two studies of trends in obesity, based on the same three national surveys of adolescents, where the conclusions were diametrically opposed due to the studies using different de®nitions of obesity, body mass index in one and triceps skinfold in the other.
The 85th centile of body mass index remained fairly constant across the three surveys, whereas the 85th centile for triceps skinfold increased sharply. Thus the issue of whether or not obesity was increasing depended on its de®nition, body mass index or triceps skinfold. This highlights the arbitrariness of the de®-nition of obesity. Body fat is more closely associated with skinfolds than with body mass index, so the lack of a time trend in body mass index may have meant that the increase in body fat mass was matched by a corresponding decrease in muscle mass. If so, a more direct measure of body fat, such as skinfolds, is needed to monitor trends in obesity.
Measuring excess body fat
Associated outcome measure. In the clinical situation a decision needs to be made: is the child obese or not? This requires a cut-off, based on some outcome measure for which obesity is a risk factor, such as current morbidity; later morbidity (including obesity); later mortality. Whichever outcome measure is chosen, the strength of its association with adolescent obesity should be used to set the cut-off. The two severe practical dif®culties with this are that (a) the associations so far discovered are weak, and (b) the dose-response curves linking obesity and outcome are essentially linear over a broad spectrum of adiposity, so that no obvious cut-off point exists. This makes the setting of a cut-off largely arbitrary.
Anthropometry is used not only at the individual level, as a clinical screening aid, but also at the population level to assess the health of groups. As a screening aid the assessment of obesity should be sensitive and speci®c, 36 while as a public health tool it should detect differences between groups concurrently or over time. In the epidemiological situation there is less need for a cut-off, since the degree of obesity can be handled satisfactorily as a continuously varying quantity. 35 This accords with the nature of the association between fatness and later outcome.
De®ning the cut-off. In adults a cut-off of 30 kg/m 2 for body mass index is often used to de®ne obesity. 37 If a ®xed cut-off like this were applied to children it would screen in different proportions of children at different ages, and differences in maturation would complicate the issue further. Arti®cial age trends in the pick-up rate need to be avoided, particularly when they re¯ect physiological rather than pathological differences. For this reason an age-related cut-off is essential.
Where a growth reference exists, it can be used in either of two ways to provide a cut-off, the simpler being some ®xed percentage of the median, say 120%. However this screens in different proportions of the population at different ages if the coef®cient of variation of the measurement changes with age.
The other alternative is some predetermined age± sex centile of the measurement, say the 85th centile for body mass index. 2 If available, an adjustment for maturation may also be included. However it is important to realise that using a centile cut-off has one direct consequence: the prevalence of obesity is set, at all ages in both sexes, to the proportion of the reference population above the chosen centile, namely 15% for the 85th centile. By de®nition, the prevalence of obesity de®ned by a centile cut-off in the reference population is independent of age and sex. At a time when the prevalence of obesity is increasing steeply in both adults 38, 39 and children, 40 it may be counter-productive to update centile charts for body mass index and skinfolds on a regular basis. A better strategy may be to`freeze' the charts at a particular date, and then use them to quantify time changes in obesity prevalence. The recently published British body mass index charts 24 may well serve this purpose, but the current British skinfold thickness charts are out of date.
30 If the charts are updated regularly, as for height and weight, 41 then the prevalence will not appear to change at all.
Choice of centile. The examples above have used the 85th centile for a cut-off, as this is available for the body mass index in the USA.
25 Alternatively Himes and Dietz 2 propose the 95th centile to de®ne obesity and the 85th centile for overweight. However in Britain other centiles are available, 24 in particular the 91st, 97.7th and 99.6th, and two different criteria can be used to decide which centile is appropriate.
The clinical criterion assumes that children above the centile are at clearly greater risk than those below it, and that the centile separates those that are ill from those that are well. However in practice this in unrealistic, as the risk increases monotonically.
The setting of a cut-off implies that subjects above it require treatment for obesity, and this has resource implications. For example the 85th centile implies that 15% of the population need treatment. Conversely if the cut-off is raised to the 98th centile this reduces the prevalence of obesity to 2%, less by a factor of 7. At the same time, if obesity (by these two de®nitions) is related to later outcome, the risk is likely to appear greater using the more extreme de®nition. So the choice of cut-off de®nes both the prevalence of obesity and also the strength of its association with later outcome. The suitable choice of cut-off needs further work.
Conclusions
For large-scale screening of obesity, measures based on anthropometry are essential. The main contenders are the body mass index and selected skinfolds. Body mass index is more reproducible than skinfolds, but its correlation with body fat is weaker. In addition, to assess body fat distribution two or more skinfolds or possibly body circumferences are required. In terms of acceptability, body mass index has the edge over skinfolds. Body mass index is the best single measure, but there may be a case for collecting skinfold or circumference data as well.
For many purposes body mass index is better treated as a continuous variable, rather than splitting it in two with a cut-off. If a cut-off is required, it should be based on a speci®ed reference centile, even though this assumes that the prevalence of obesity is independent of age, which is unlikely. We recommend that disease risks be assessed for the current values of the 97.7th and 91st centiles on the recent British body mass index reference charts. 24 This evaluation would con®rm whether the values provide meaningful cutoffs for the diagnosis of childhood obesity. Although arguments could be presented for alternative cut-offs, it is desirable to relate disease risks to speci®ed standard values, as afforded by the reference charts.
Relationships between child and adolescent adiposity and adult adiposity
As argued in the introduction, relationships between child and adolescent and adult adiposity are of interest primarily because of disease risks established in relation to adult obesity. A review of relevant literature was therefore conducted to identify studies of child and adult adiposity relationships, and for the following section, studies of long-term disease risks associated with child and adolescent adiposity. The search for relevant literature was based on the following computerised databases: Medline (1985±96), BIDS (EMBASE and Science Citation Index 1985±96). Key papers that were cited in some of the papers identi®ed from the search were also followed up. Studies identi®ed by this process are summarised in Appendix 1. Several general conclusions can be drawn from this literature, in relation to the following questions: (i) do fat children stay fat? (ii) were obese adults fat as children? (iii) what is the strength, overall, of the child to adult adiposity relationship? and (iv) does adiposity increase at a particular age in childhood and adolescence? Do fat children stay fat?
All the studies that examined the persistence (tracking) of fatness from childhood and adolescence to adulthood found that fatter children were more likely to be obese later in life. The magnitude of the risk for fatter children depends on: the cut-off used to de®ne overweight/obesity (obesity prevalence varies between 5% and 25% (Appendix 1)); the age of initial assessment and length of period follow-up; and the measure of adiposity.
Rather than attempt to generalise from studies using different methods and de®nitions (Table 1) , we restrict our comparison to the large and representative study samples contained in the British cohort studies to illustrate the magnitude of risk of obesity in adult life for the fattest children (Table 2 ). It is evident that the fattest 2% of adolescents at ages 11 and 16 y have a high risk of obesity in adulthood. Risks for children identi®ed at age 7 y are weaker, but are also elevated with a relative risk above 3.0 in both study samples. As might be expected, the risk of adult obesity reduces when lower cut-offs are used to de®ne overweight: for example, using the 91st centile in the 1958 cohort at age 7 y gives a relative risk of 4.0 and 3.2 for males and females respectively. The variation in reported risks for fatter children, evident in Table 1 (and associated summaries in Appendix 1) and in another review of European and North American studies, 42 therefore partly re¯ects the cut-off values used.
Were obese adults fat as children?
Some studies provide estimates of the prediction of adult obesity from indicators of adiposity at earlier ages (Appendix 1). In general the majority of obese adults were not fat in adolescence. In the 1946 birth cohort, 14% of males and 32% of females who were obese at age 36 y had been overweight at age 14; 43 while in the 1958 birth cohort, 13 and 11% of obese 33 y old men and women had been overweight at age 16 (C Power, JK Lake, TJ ColeÐunpublished data).
Nor were the majority of obese adults fat in childhood. In the 1946 birth cohort, only 3% of males and 8% of females who were obese at age 36 y had been overweight at age 7 y; while in the 1958 cohort, 8% and 9% of obese 33 y old men and women had been overweight at age 7 y. These differences between the studies are likely to be due to differences in de®nitions of obesity and sample sizes. Thus, prediction of adult obesity is poor, although it is better when based on adiposity in adolescence rather than childhood.
Few studies examine the effect on adult adiposity of change in adiposity during childhood and adolescence. Cronk et al 44, 45 report that persistently increasing levels of BMI in childhood and adolescence or increasing weight after pubescence predispose to high levels of body fat in adulthood.
What is the strength of the child to adult adiposity relationship?
Correlations between childhood and adolescence and adulthood adiposity are summarised in Table 3 . In general the literature shows that associations with adult adiposity strengthen with increasing age in childhood. Correlations for BMI and other indices of adiposity between ages 13±14 y and 25±36 y, vary from 0.46±0.91 for males and 0.60±0.78 for females; correlations between younger ages and adulthood are moderate to poor (namely r % 0.30). Differences between studies are likely to be due to variations in sample size and representativeness (some studies are based on small numbers and depend on well motivated and probably selected samples).
In studies that used both adiposity measures, better correlations between childhood and adulthood are reported for BMI than for skinfolds (Tables 3 and 4) . It is unclear whether this is because BMI partly re¯ects body frame, which is less subject to variation that adipose tissue, or to better measurement of height and weight (skinfolds have greater measurement error). Associations for waist-hip ratio (WHR) ( Table 5) appear to be stronger than those for skinfolds but slightly weaker than for BMI. So far results are available for one study only, and the appropriateness of WHR has not yet been established for prepubescent children. Finally age of adiposity rebound predicts adult BMI 28 but probably not as well as BMI in childhood.
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Does adiposity increase at a particular age in childhood and adolescence?
From a public health perspective, it would be useful to establish whether the prevalence of fatness increases monotonically throughout childhood, or whether the increases occur at particular ages. An extensive literature on growth and development documents appreciable changes in BMI and body fat during childhood and adolescence that relate, in large part, to normal physiological development (Figures 1  and 2) . The extent to which these changes in adiposity correspond to changes in excess fat is less clear.
Disentanglement of normal from pathological age-related changes might be achieved with a comparison of populations representing these differing states. So, for example, relevant evidence might be obtained from geographical studies in which fat and non-fat communities are compared; alternatively, the BMI charts might be`frozen', as previously suggested, to provide baseline measures against which subsequent change is established. However, we would not want to minimise the dif®culties of such an approach, since it is based on the assumption that`normal' Child and adolescent fatness C Power et al physiological development in non-fat communities can be identi®ed. Age-related changes are illustrated in Figures 1  and 2 using US data for skinfolds and recent British data for BMI. As stated above, we cannot easily differentiate, at present, between normal and excessive fatness gain in childhood and adolescence; whereas after 18±20 y adiposity associated with growth has stabilised. Hence, increases in adiposity after 18±20 y are more likely to be pathological than increases at younger ages that may be associated with normal growth. Ages 18±20 y could therefore be an important life stage to focus preventive strategies. A further argument for this is suggested by Figure 2 which shows that ages 18±20 y precede a period of rapid increase in fatness occurring in early adulthood (ages 20±30 y). This suggests that efforts to reduce fatness in the late teens and early twenties might be especially important in the prevention of adult obesity. (This does not of course preclude health promotion at earlier ages). Further work on age trends would con®rm whether this applies to other countries.
Conclusions
Associations between adolescent and adult adiposity are stronger than those between childhood and adulthood, but even so, prediction of adult obesity is only moderate. Therefore, the prevention of adult obesity cannot rely on the identi®cation and treatment of a high risk group in childhood and adolescence. The major shortcomings of the available studies are that few studies have followed up subjects from childhood to age 50 or more, 9, 46 and the majority of studies have taken frequent measurements on a small and increasingly selected sample. 
Child and adolescent adiposity and long-term health outcomes
In contrast to the fairly extensive literature available for review in the previous section, few studies provide information on long-term health risks in relation to child and adolescent adiposity. Most prospective studies of obesity have been limited to middle-aged cohorts being followed primarily in relation to cardiovascular disease risk. There is, however, a need for such information to establish whether adult disease risk is established earlier in life. Using the search strategy described in the previous section, we identi®ed only ®ve major studies with baseline information on adiposity before age 20 and adult health outcomes several decades later. 46±51 These are summarised in Appendix 1.
Main ®ndings
The main ®ndings from the ®ve studies are as follows. Adolescent overweight is associated with increased mortality, primarily in men, and especially for coronary heart disease, atherosclerosis and colorectal cancer. In the US, all cause mortality was elevated in the fattest 25% of adolescent men (crude relative risk 1.8) but not in women. 47 The male increase did not appear to re¯ect associations with adult adiposity: in a sub-sample with adult data, the relative risk reduced from 2.9 (95% CI, 1.5, 5.8) to 2.4 (1.1, 5.0) after adjustment for adult BMI. Adjustment for smoking did not affect the risk either.
Child and adolescent relative weight, at ages 5± 18 y, was positively associated with adult mortality in a second US study. 50 For all cause mortality, odds ratios were 1.5 and 1.6 for the highest (vs the lowest) ®fth of relative weight in subjects measured prepubertally and postpubertally respectively. The weak associations were consistent for both sexes. However, the study failed to establish whether the observations re¯ected associations with adult adiposity, for which there were no data.
Approximately 2% of Dutch men with a BMI of 25 or more at age 18 y, had increased mortality from all causes, with risk ratios of 1.5 after 20 y of follow-up (BMIs 19±19.9 formed the comparison category). 48, 49 This risk was unaffected by adjustment for education and adolescent health status. No information was available for adult adiposity or smoking behaviour, so it was not possible to exclude the role of these factors in explaining the relationship.
Adolescent overweight is associated with increased adult morbidity in men for gout, and in women for arthritis, and reported functional limitation. Among women childhood overweight may be associated with menstrual problems in early adulthood. 51 Men who were overweight in adolescence were three times more likely to report that they had gout, compared with lean subjects. 47 In addition, they reported increased morbidity for conditions for which mortality risk was elevated (namely, coronary heart disease, atherosclerosis and colorectal cancer). Women who were overweight in adolescence were twice as likely to report arthritis and eight times more likely to report functional limitation, as indicated by ability to perform activities of daily living. 47 Risk of menstrual problems in early adulthood may also increase in relation to adiposity earlier in life, although odds ratios for childhood fatness at age 7 y (1.78) were of borderline signi®cance after adjustment for adult BMI (1.59), suggesting that childhood risks are partly mediated through associations with adult BMI. 51 Change from normal weight in adolescence to overweight in adulthood,`acquired obesity', may be associated with increased morbidity in adulthood. Subjects with`acquired' obesity (that is, low or normal weight-for-height in childhood and high relative weight in adulthood) have elevated rates of hypertensive vascular disease and cardiovascular renal disease in adulthood, compared with those with stable relative weights: 46 odds ratios were estimated as 1.83 (95% CI 1.29, 2.59) and 1.52 (1.11, 2.07) respectively. Acquired obesity appears to be especially important for non-insulin dependent diabetes, given that this disease is associated with overweight in adulthood, but not with that in adolescence. 47, 52 Research on growth in early life is consistent in showing high rates of diabetes and glucose concentration among men who were light in early life, as indicated by weight at one year or ponderal index at birth, but who were overweight in adult life.
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Shortcomings of studies
There are as yet too few studies on which to base ®rm conclusions. In addition to this general paucity of information, the following are noteworthy: few studies investigate long-term risks, with information on both child and adolescent and adult life adiposity (2 of the 5 main studies discussed above have no data on adult adiposity). Data for women are particularly scarce (only 3 out of the 5 main studies include women), and some studies of long term risk have been limited to special populations, such as college alumni. 50 The broader literature
In addition to the evidence cited above, information is available from a limited review of the broader literature that is relevant here. First, follow-up of a clinic population shows excessive overweight in puberty to be associated with higher than expected mortality and morbidity, compared with national statistics. 55, 56 Second, in the absence of adolescent adiposity measures in some studies, adult mortality appears to be related to weight and weight change from the earliest adulthood measures available (for example, at age 25 y). 57, 58 Third, obesity acquired in adolescence and early adulthood has been shown to have deletrious effects on adult cholesterol levels and lipoprotein fractions, 59 while weight gain in adulthood is accompanied by increases in blood pressure. 60 Fourth, the evidence linking adolescent and adult adiposity, presented here, provides a pathway through which child and adolescent adiposity and adult disease outcomes may be associated.
Other information is beginning to emerge linking early life adiposity and adult disease. Notably, the social pathways for overweight adolescents appear to diverge from those of normal weight adolescents, especially among women. Fatter adolescent women are less likely to marry, have poorer job chances and lower incomes than less overweight women (only one paper 61 is included in the summary, but this is consistent with other reports). These socio-economic consequences of overweight would themselves in¯u-ence disease risk in adult life. Thus, the role of à social' pathway linking adolescent adiposity and adult disease risk also needs to be considered.
Conclusions
There is some evidence to suggest that adiposity in childhood and adolescence in¯uences adult mortality and morbidity. This needs to be con®rmed in other studies. It is also important to clarify whether any links between childhood adiposity and adult disease operate primarily through continuities in adiposity over the lifecourse. Further investigations should, therefore, assess disease risks for those remaining fat over long periods and for those gaining weight excessively from childhood and adolescence.
Summary
Several key points emerge from this review of child and adolescent measures and relationships with adult adiposity and disease risks. With respect to measurement it appears that the body mass index (BMI) is the best single measure of adiposity in childhood and adolescence. An individual child's or adolescent's BMI can be compared to standard reference values using published, British 24 , French 18, 62 and North American 25,26 BMI charts. Overweight in adolescence may weakly predict later health risks, but the risks are not yet well-de®ned and need to be con®rmed in future studies. In addition, it is unclear whether disease risks are greater for adolescents who are overweight at the time or for those who become overweight later. Adult adiposity is only moderately well predicted from childhood and adolescence; the majority of obese adults would not have been identi®ed as fat children.
Thus, population-based approaches to the prevention of obesity are likely to be more effective than approaches targeted at fat children, ®rst because of the poor prediction of adult obesity from child and adolescent measures, and second, because risks of adult mortality and morbidity may be elevated for individuals who become overweight after adolescence.
to assess nutritional status Ð a new index on a slide-rule. Of the obese at 36 y, 2.6%, 7.5% (m,f) were obese at 7 y, 14%, 32% (m,f) were obese at 14 y and 10%, 30% were obese at 11 y (continued ) BMI`25th`lean' r 0.25 (m,f combined): 1 y and 21 y OR 2 of being fat in adulthood if fat at 1 y 41% of the initially fat infant remained in the same fatness group from 1±21 y Earlier AR led to higher adult adiposity (though BMI at 1 y had been lower).
Late AR led to lower adult adiposity (though BMI at 1 y had been higher). 
BMI
Earlier the AR occurs in childhood the earlier the increase in adiposity leading to higher adiposity at 18 y.
Correlations between childhood and adulthood increase monotonically from 0.28 at 1 y to 0.78 at 16 y (boys), these were similar for girls.
Hawk and Brook As severity of adult obesity increased so did the percentage of women who were fat children.
2.4 times more severely obese women than normal weight women were fat children. At 7 y median index of adult obese group was 98th centile. At 13 y it was the 99th centile. The adult obese group has higher median BMI when they were 7 y.
BMI b 19 had 20% in¯uence on the incidence of obesity.
Males in the upper extreme of the BMI distribution at 13 y had a higher incidence of adult obesity if they increased or decreased in percentile level during the preceding years c.f. if they had maintained this level throughout the school years.
Only 21%, 20% of the adult obese group were b 99.5th centile at 7, 13 y respectively.
(continued ) High levels of BMI or persistently increasing levels of BMI over long periods during childhood and adolescence predispose to high levels of body fat in adulthood.
Increasing weight after pubescence is associated with higher levels of body fat in adulthood.
Adult body fat levels were found to be highest when a female has a history of upward shift in percentile from 4±18 y and a high W/H 2 level during infancy. 43%, 63% (m,f) of those obese at 7 y remained so at 33 y.
Of those obese at 33 y, 8%, 9% (m,f) were obese at 7 y. Obesity in childhood is likely to persist into adult life, the outlook may be slightly better for boys compared to females.
42% of boys and 66% of girls were still overweight at 20±24 y.
Of the 13 children who were grossly overweight at the ®rst examination, 12 remained so. Of those overweight in adolescence, 58% remained so in early adulthood. 57% of overweight adults had been overweight during adolescence. Of those obese (TSF b 85th) at follow-up, 43% had originally been classi®ed as obese at baseline.
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Outcomes Total mortality
Childhood and adolescent RWT were positively associated with adult all-cause mortality. OR 1.5, 1.6 of mortality risk for prepubertal and postpubertal overweight subjects respectively (compared to those in the lowest quintile). Obesity at 23 y (OR 1.75) and at 7 y (OR 1.59) both independently increased the risk of subsequent menstrual problems. Obese women at 23 y were less likely to conceive within 12 months of unprotected intercourse (RR 0.69). Obesity at 23 y increased the risk of hypertension in pregnancy (OR 2.37). Obesity at 7 y was a risk factor for subsequent hypertension in pregnancy, but this risk was borderline signi®cant after adjusting for BMI at 23 y.
(continued ) Increased weight was associated with increased all-cause mortality (and mortality from diabetes (esp. women), CHD and cancer): mortality was 50% higher in those 30±40% heavier than average, and about 90% higher in those ! 40% heavier.
Lissner et al Higher risk of CHD and all-cause mortality (but not cancer) was associated with greater body weight¯uctuations. OR 1.27 to 1.93 for allcause mortality, for highest weight variability compared to lowest variability. Recalled body weight at 25 y made an important contribution to the total variance of individual subjects' weights and therefore contributed to the effect observed. Outcomes Mortality, cardiovascular, hypertension, diabetes, locomotor, digestive.
All diseases appeared earlier in obese subjects compared to a reference population (only signi®cant for cardiovascular and digestive diseases). W/H SDS in childhood tended to be positively associated with higher rates of mortality and morbidity. Those with W/H SDS b 3 in childhood/puberty had the worst prognosis. Mortality was highest in the leanest and fattest men. Excess deaths in the top BMI quintiles were due to CHD (continued )
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